This study was performed to evaluate the antibiotic sensitivity pattern and determination of MIC (Minimum inhibitory concentration) and MBC (Minimum bactericidal concentration) value of Pseudomonas aeruginosa. The samples were collected from hospitalized and outdoor patients of Chittagong Maa-O-Shisu General hospital (October, 2010 to April, 2011). From the sample (blood, pus and urine) the isolate was identified on the basis of their morphological, cultural and biochemical characteristics. Antibiotic sensitivity pattern of the isolates was then observed (Disc diffusion method). It was found that Ciprofloxacin, Azithromycin and Chloramphenicol showed the highest percentages of sensitivity (above 60%) so they were the most effective drug for the treatment of Pseudomonas aeruginosa infection, where Vancomycin, Amphicillin and Amoxicillin showed the lowest percentages of sensitivity as well as less effective drug. Minimum Inhibitory Concentration (MIC) (Turbidimetric Method) values were determined against six antibiotics (Ciprofloxacin, Azithromycin, Kanamycin, Erythromycin, Chloramphenicol and Gentamycin). The MIC of Ciprofloxacin and Azithromycin for the majority of clinical isolates was 2 to >64 μg/ml. Like that the MIC of Gentamycin, Kanamycin and Chloramphenicol for the clinical isolates was 4 to >64 μg/ml. MIC value of Erythromycin was between 8 to >64 μg. The Minimum bactericidal concentration (MBC) for all these six drugs were also done and the result was between 2 to >64 μg/ml.
Introduction
Pseudomonas aeruginosa is a Gram-negative, mesophilic, aerobic, rod shaped bacteria (length 1.5 -3.0 μm and width 0.5 to 0.8 μm) [1] . It is an opportunistic pathogen and a major cause of hospital acquired nosocomial infections of humans but rarely causes infections in healthy individuals. Even though the bacterium almost never infects uncompromised tissues but if the tissue defenses are compromised in some manner, there is hardly any tissue that it cannot infect [2] [3] . It tends to infect people with immunodeficiency or burns and those with indwelling catheters or respirators. Infection with P. aeruginosa can lead to urinary tract infections, sepsis (blood stream infection), pneumonia, endocarditis, pharyngitis, meningitis, and many other medical problems. It colonises the lungs of patients with cystic fibrosis (CF) and contributes to the chronic progressive pulmonary disease and death rate in CF. Although the initial isolation of P. aeruginosa from sputum may be intermittent in CF and bronchiectasis, once a chronic infection is established it is almost impossible to eradicate it even with intensive antibiotic treatment [4] . Pseudomonas aeruginosa is notorious for its resistance to antibiotics and is therefore, a particularly dangerous and dreaded pathogen [5] . It has a natural tendency for the development of resistance to antibiotics. This limits future therapeutic uses of antibiotics against this bacterium and increases rates of mortality. The bacterium is naturally resistant to many antibiotics including Tetracycline and Benzylpenicillin due to the permeability barrier afforded by its outer membrane lipopolysaccharide (LPS) [6] . It can colonize surfaces in a biofilm form making the cells impervious to antibiotics. Pseudomonas aeruginosa has been living in the soil for millions of years in the presence of antibiotic producing bacilli, actinomycetes and moulds. Therefore, it has developed resistance to a variety of their naturally occurring antibiotics. Moreover, P. aeruginosa maintains antibiotic resistant plasmids, and is able to transfer these genes by means of lateral gene transfer (transduction and conjugation). Only a few antibiotics are effective against Pseudomonas including some β-lactams, aminoglycosides and fluoroquinolones but these antibiotics are not effective against all strains. The futility of treating Pseudomonas infections with antibiotics is most dramatically illustrated in cystic fibrosis patients, virtually all of whom eventually become infected with a strain that is multi drug resistant and cannot be treated [3] . Pseudomonas aeruginosa produces a variety of virulence factors including protease enzymes, mucoidexopolysaccharide, pili, exotoxin A, lipopolysaccharide, pigments, lipase, haemolysin, histamine, exoenzyme S, leukocidin and rhamnolipids [7] . These aid the bacteria to adhere, invade and colonize to their host by damaging the host's immune responses and forming a barrier to antibiotics. No single virulence factor by itself is potent but the whole array of factors contributes to the pathogenicity of the P. aeruginosa [8] .
The objective of the present research was to evaluate the sensitivity pattern and determination of MIC (Minimum inhibitory concentration) and MBC (Minimum bactericidal concentration) value of Pseudomonas aeruginosa.
Materials and Methods

Materials
The present research work was conducted at Chittagong Maa-O-Shishu General Hospital (CMOSH) during October, 2010 to April, 2011. The isolated Pseudomonas aeruginosa from the samples brought to its Pathology Laboratory and sensitivity pattern was determined against commonly used antibiotics by disc diffusion method [9] . The hospital's laboratory samples comprised of blood, pus and swabs from different body sites, from outdoor patients (OPD) as well as indoor patients (IDP) from different wards of the hospital.
Sample Collection and Processing
Blood, pus and urine samples were collected from patients visiting OPD (Out Patients Department) and different wards (IDP) and were brought to the Pathology laboratory. Freshly drawn, 3 -5 ml blood sample was immediately transferred to 50 ml of Tryptone Soya broth (CM0129-OXOID) and incubated at 37˚C for 24 h. In case of no growth, incubation period was extended for another 24 h. In case of growth positive, it was sub-cultured on Ce- 
Antibiotic Susceptibility Test (Disc Diffusion)
The disc diffusion test for Pseudomonas aeruginosa was carried on Mueller-Hinton Agar (CM0337-OXOID) as growth medium. Medium was prepared according to manufacturer's instructions and sterilized by autoclaving at 121˚C for 15 mins. Sterilized medium was then cooled in a water bath. About 25 ml of medium was poured into 90 mm diameter sterile Petri-plates to a depth of 4 mm on a level surface to make the depth of the medium uniform and left at room temperature overnight to check sterility. Inoculum was spreaded evenly over the entire surface of the Mueller-Hinton Agar plates by swabbing back and forth across the agar in three directions to give a uniform inoculum to the entire surface. These plates were allowed to dry before applying discs. The discs of given potency were applied on the inoculated plates with the help of sterile forceps ( Table 1) . Then the plates were placed in an incubator at 37˚C for 18 hours in inverted position. After 18 hours of incubation, plates were examined and the diameters of zone of inhibition were measured in mm [9] .
Determination of MIC (Turbidimetric Method)
Individual antibiotics were dissolved in nutrient broth and diluted (nutrient broth). The MIC range varied with different drugs. All MIC range was followed according to the NCCLS guidelines [10]. Inoculums were obtained from an overnight agar culture of the test organism. Inoculums for the MIC test were prepared by taking at least three to five well-isolated colonies of the same morphology from an agar plate culture. The top of each colony was touched with a sterile loop and the growth was transferred into a tube containing 4 to 5 ml of normal saline. The broth culture was incubated at 35˚C until it achieved the turbidity of the 0.5 McFarland standards (usually 2 to 6 hours). This results in a suspension containing approximately 1 to 2 × 10 8 cfu/ml. The turbidity of the actively growing broth culture was adjusted with the broth to obtain a turbidity comparable to that of 0.5 McFarland standard.
A 0.5 McFarland standard was prepared as described in NCCLS [11] . One percent V/V solution of sulfuric acid 
Determination of MBC
The minimum bactericidal concentration (MBC) is the concentration of antibiotic that kills at least 99.9% of a standardized bacterial inoculum. From each of the test tube where MIC was performed, 1 ml was taken in a sterile petriplate and dispensed 15 ml of melted pre sterilized Mueller-hinton media, mixed by rotating both clockwise and anticlockwise. Allowed to solidify, incubated at 35˚C for overnight. The lowest concentration at which no growth occurs that was considered as the MBC of the specific antimicrobial agent.
Results
Clinical samples were collected from a total 105 indoor and outdoor patients attending at the Chittagong Maa-OShishu General Hospital, (CMOSH) during the study period. Among these samples only 11.43% of the total samples comprises Pseudomonas aeruginosa.
Prevalence of Pseudomonas aeruginosa
Pseudomonas aeruginosawere isolated 41.67% (5) from blood samples, 25% (3) from urine samples and 33.33% (4) from pus samples. This data also represent that most of the Pseudomonas aeruginosawere isolated from blood samples (Figure 1 ).
Antibiotic Resistancy Pattern of Pseudomonas aeruginosa
In present study the isolates of Pseudomonas aeruginosa showed a pattern of resistance Ampicillin 92%, Amoxicillin 92%, Tetracycline 84%, Ciprofloxacin 24%, Cephixime 92%, Gentamycin 55%, Erythromycin 92%, Vancomycin 100%, Kanamycin 62%, Azithromycin 32%, Nalidixic acid 62%, Chloramphenicol 24% and Ce- photaxime 24%. Among these antibiotic Vancomycin, Erythromycin, Cephixime, Ampicillin, Amoxicillin and Tetracycline were highly resistant. On the other hand Ciprofloxacin, Chloramphenicol and Cephotaxime showed more sensitivity against these Pseudomonas aeruginosa isolates (Figure 2 ).
The MIC and MBC Pattern of Pseudomonas aeruginosa
On the basis of minimum inhibitory concentrations, 50% Pseudomonas aeruginosa isolates were highly susceptible (MIC < 16 μg/mL) for Ciprofloxacin, 42% isolates were susceptible (MIC < 32 μg/mL) for Gentamycin and only 9% isolates were susceptible (MIC < 32 μg/mL) for Erythromycin. The range of MIC for Ciprofloxacin, Gentamycin and Erythromycin lied within 2 to >64 μg/mL (Figure 3) . On the other hand, the MIC for kanamycin of Pseudomonas aeruginosa isolates were 34% (MIC < 32 μg/mL), 50% isolates were susceptible (MIC < 8 μg/mL) for Azithromycin and only 42% isolates were susceptible (MIC < 16 μg/mL) for Chloramphenicol (Figure 4) . A similar pattern of MBC was showed in Figure 5 , Figure 6 . Most of the isolates were killed at >64 μg/mL. Ciprofloxacin and other two brands had MBC ranging between 2 μg/mL to >64 μg/mL ( Figure 5, Figure 6 ).
Discussion
Pseudomonas aeruginosa is recognized as one of the most important bacterial pathogens contributing towards hospital infection worldwide. This bacteriacauses localized infection spreading into the blood stream [12] . Nosocomial infection caused by Pseudomonas aeruginosa is one of the major concerns throughout the globe since it is one of the major health hazards. Antimicrobial resistance of hospital acquired Pseudomonas aeruginosa isolates is an added disadvantage, which also confers an additional period of hospital stay and hence increasing the cost of patient care. The present dissertation was carried out on clinical isolates from pathology laboratory of Chittagong Maa-OShishu General Hospital from in and out patients departments, to determine the prevalence of clinically significant Pseudomonas aeruginosa. About 16 isolates of Pseudomonas aeruginosa were isolated from urinary tract infected patient and also tested the antibiotic susceptibility of these isolates. A similar study was carried out by M. I. Abou-Dobara [13] and Ashok Kumar [14] . In the present research it was found that the increase in antibiotic resistance in Pseudomonas aeruginosa isolates is alarming and many antibiotics which were once thought to be the first choice in the treatment against pathogenic organisms. Although Ciprofloxacin are now largely being prescribed for the treatment of Pseudomonas aeruginosa for their less side effects & pharmacology, it has been seen that these drugs are now becoming more insensitive. Penicillin showed the highest percentage of antibiotic resistance. It needs to mention that the semi synthetic Penicillin drug, Ampicillin was used rather than the natural Penicillin throughout this dissertation. So it is evident that the partial synthetic nature of Penicillin is not furnishing this group of drugs with enough effectiveness against these nosocomial pathogens. It has also been seen from the present study that the Ciprofloxacin and Azithromycin has been the effective drug in the treatment of Pseudomonas aeruginosa infections. Minimum Inhibitory Concentration (MIC) values of Pseudomonas aeruginosa were determined against the six antibiotics. In this study it was also found that maximum antibiotic shows MIC value greater than 64 μg/mL which is way too high. Here the most effective drug Ciprofloxacin and Azithromycin, the MIC value of these drugs 2 -16 μg/mL (about 50%) and which represent that these 3rd generation drugs become almost resistant to these two common human pathogens. MBC is not always same as the value of MIC. Some time MBC is two fold or three hold higher [15] . The MBC value of Ciprofloxacin and Azithromycin lies 2 -32 μg/mL (about 50%) which strongly support that to kill the bacteria more amount of antibiotic were required. Inappropriate use increases the risk for selection and dissemination of antibiotics-resistant bacteria, which are placed at a competitive advantage. Therefore, the drugs, which are commonly used, lead to development of bacterial resistance in developing countries, which are generally inexpensive, and popular broad spectrum agent [16] - [18] . The emergence and spread of bacterial resistance due to use of antibiotic, is a complex phenomenon. Antibiotic use in clinical practice alone can not explain the high frequency of resistant microorganism [19] [20] . Moreover, the excessive misuse is practically responsible for development of increased rate of antibiotic resistance, globally. Another factor responsible for development of resistance in bacteria could be due to non-access of health workers to health information [21] . In most of the developing countries including Bangladesh, antibiotics can be purchased without prescription and "available on prescription" is just confined on the tag of the medicine only. In Bangladesh there is virtually no difference between a non-prescription available over the counter drug like paracetamol and a prescription antibiotic. Drug labels and packages inserts often fail to provide precise information [22] and in industrialized countries patients often pressurize physicians to prescribe antibiotics [23] . Another bemoaning finding of this study is that in Bangladesh medical practitioners prescribe drugs with proprietary names rather than the generic name. For an instance, if a patient is suffering from typhoid will most probably be prescribed Fluoroquinolones like Ciprofloxacin or Ofloxacin but in practice, it is evident that practitioners are rather prescribing a proprietary drug of their choice and there is allegation against many physicians from various sources that they are receiving a good amount of incentive from the pharmaceutical companies for prescribing their drugs. It was also noted that all patients were habitual to self-medication and these patients also visited private practitioners during different periods of time in present study most of the isolates were resistant to Penicillin (Amphicillin and amoxicillin) (over 80%) this could be due to the excessive use of these drug.
Conclusion
This study documents the importance of Pseudomonas aeruginosa as an important Gram-negative pathogen among Bangladeshi populations and highlights the facts that there is an alarming development of multidrug resistance among clinical isolates. This study also alarms us to stop the misuse of antibiotic which day by day increases the multi-drug resistance problem.
